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The study of the variations in composition of
the fatty acids from the surface lipid film of man
has not previously been possible due to the lack of
suitable analytical methods which could be ap-
plied to the small amounts of lipid available. In
their monumental study on the composition of
human hair fats Weitkamp, Smiljanic and Roth-
man (1) were able to demonstrate the unusual
nature of the fatty acids in this material, but only
recently, largely due to the introduction of the
methods of gas chromatography, have their es-
sential findings been confirmed. Using this new
method James and Wheatley (2) were able to
determine the component fatty acids of the skin
surface lipids from the human forearm, and, in
addition to the odd numbered fatty acids demon-
strated by Weitkamp et at., they were able to
detect the presence of single-branched even num-
bered acids and two types of odd numbered acids.
The sample analyzed was a bulk specimen ob-
tained from six normal individuals and a total of
only ten milligrams used in the analysis.
This method has now been applied to a more
detailed study of the variations in composition of
the fatty acid composition of the surface lipids
from a variety of normal subjects.
EXPERIMENTAL
'Sebum'. Samples were collected by one of two
methods, the polyethylene cup method (3) or the
swab method (4), in both cases carbon tetra-
chloride was used as the solvent.
Fractionation. The sebum samples were frac-
tionated into free, and combined fatty acids and
unsaponifled matter by the methods described by
MacKenna, Wheatley and Wormall (5), with the
majority of the specimens the preliminary separa-
tion of the free fatty acids was omitted and only
the total fatty acids obtained.
Esterification. Methyl esters of the fatty acids
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were made by treating the fraction with a solution
of diazomethane in ether. If it was not possible to
perform the subsequent analysis immediately the
methyl esters were dissolved in petroleum ether
and stored in a refrigerator.
Gas chromatography. The gas chromatography
of the fatty acid esters was performed as de-
scribed by James and Wheatley (2, 6), the sta-
tionary phase used being Apieson M vacuum
stopcock grease in all cases. Results were com-
puted by the triangulation method (2).
RESULTS
Free and combined fatty acids. The free and
combined fatty acids were separated from the
surface lipids from the back of one subject, the
combined fatty acids were further analyzed into
saturated and unsaturated acids using the bromi-
nation method (6, 7). The results of these analy-
ses are shown in Table 1, and the gas chromato-
gram of the total (i.e. saturated plus unsaturated)
combined fatty acids shown in Fig. 1, peaks in
the latter have been designated by number ac-
cording to the length of the carbon chain and by
letter (a, b or c) according to whether the peak
consists (i) entirely of saturated acids (peak a),
(ii) of a mixture of single branched and mono-
saturated acids (peak b) or (iii) of a mixture of
highly branched and more highly unsaturated
acids (peak c).
These results confirm the findings on the bulked
sample of lipids (2), namely that the general
picture of fatty acid composition is the same for
both the free and combined fatty acid fractions
but there are slight differences in the percentages
of some of the components present. Generally
speaking the free fatty acid fraction contains
less unsaturated acids than does the combined
fraction.
This detailed fractionation, however, proved
too tedious for the analysis of many surface lipid
samples and a simpler procedure was adopted.
The total fatty acids (i.e. free plus combined)
were isolated from each specimen and the bromi-
nation procedure omitted. The resulting analysis
was, however, sufficiently detailed to follow
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TABLE 1
The percentage composition of the free and combined
fatty acids in the 'sebum' from the
back of one individual
Percentage of Total Combined Acids
Percentage
ot Total
Free Acids
Peak No.
<C10
010
C11b
Cija
C12b
012a
C13c
C13b
C13a
C14c
C14b
Cl4a
C1sc
C15b
Cjsa
C16c
C16b
C1 a
C17c
C17b
C17a
Cssc
015b
Cjsa
0.1
0.2
0.1
0.1
0.1
0.7
0.2
0.5
0.5
1.0
7.2
1.2
2.7
6.7
11.8
30.1
2.1
3.6
2.9
1.4
15.8
11.1
Saturated
plus
unsaturated
0.2
0.1
0.1
0.1
0.2
1.3
0.7
0.4
0.4
0.2
5.0
10.0
2.4
6.2
4.2
0.8
22.0
17.6
3.8
3.5
1.0
0.6
14.3
1.9
Saturated
0.2
0.1
0.1
0.1
0.1
1.3
0.6
0.3
0.4
0.2
0.2
10.0
1.8
2.3
4.2
0.6
0.8
17.6
3.7
0.7
1.0
0.6
1.1
1.9
Unsaturated
0.03
0.1
0.1
0.1
Trace
4.8
0.7
3.9
0.1
21.2
0.1
2.8
13.2
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* Peaks have been designated according to the
length of the carbon chain and by letters a, b and
c to denote whether the peak consists entirely of
normal saturated acids (peak a), a mixture of
mono-unsaturated and single branched acids
(peak b) or a mixture of highly branched and more
highly unsaturated acids (peak c), See Fig. 1 and
text.
changes in the fatty acid composition, and,
though it did not give information about the exact
variation of the branched and unsaturated acids,
much of this information could be obtained by
inspection of the chromatograms and applying
the bromination technic in doubtful cases.
Comparison of the cup and swab method of col-
lection. Samples were collected from two subjects
on different occasions from one half of the back
by the cup method and, at the same time, from
the other half of the back by the swab method.
Different results were obtained by the two meth-
Asisucj Ie
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TABLE 2
Analyses of the fatty acids from 'sebum' collected
by two different methods
Cisb Peaks Ci,a Peaks
Subject Specimen
Cup
method
Swab
method Cupmethod
Swab
method
AR 1
2
3
25.1
25.2
25.0
24.9
23.1
23.5
19.0
21.5
19.9
21.1
23.2
21.5
BD 1
2
23.5
22.8
23.1
22.0
27.6
28.9
27.8
27.4
ods of collection, in particular the C16 a and b
peaks showed greatest variations as shown in Ta-
ble 2. Subject AR showed greater variation than
did BD. There appeared to be a loss of unsatu-
rated fatty acids during the swab collection, and
for this reason the cup method was used for all
subsequent samples.
Individual variation.s. Specimens were collected
from the backs of normal subjects, six women
aged 18—34, nine men aged 27—74, and a pooled
sample from three boys under 12 years. The com-
position of the total fatty acid fractions were
analyzed in the usual manner, and the detailed
results are shown in Table 3. In general the ranges
for males show less spread than those for women,
the C16c, C18c and Cub peaks were, on the aver-
age, higher for women than men, but in each case
the higher average was due to the result from one
individual—PS for high Cue peak and BB for
high C18b and c peaks. The children showed the
same general picture as did the adults but the
amounts of some acids differed slightly. The C16b
peak was lower than for any of the adults, the
C18b and c peaks higher than for any adult except
BB and the C18a peak higher than that of any
adult. Definite personal idiosyncrasies are indi-
cated by the unusually high Cub and c peaks for
BB and the high Ciac and C16c peaks for PS, in
the latter case the peaks were shown by the
bromination procedure to be due to increase in
the highly branched acids and not the highly un-
saturated component.
The above presentation is somewhat cumber-
some and in order to simplify the results the
n-saturated peaks (a peaks), the branched plus
mono-unsaturated peaks (b peaks) and the highly
branched and highly unsaturated peaks (a peaks)
were summed for each individual and the results
presented in Table 4.
Variations in the same individual. Determina-
tions were made on the surface lipids from the
backs of five normal individuals, 4 female and 1
male, at periods varying from a few days to sev-
eral months. The results are shown in Table 5.
In general the results are fairly constant and no
variation with the menstrual cycle could be dem-
onstrated in the female subjects.
Variations over different parts of the body. Anal-
yses were performed on samples obtained from
the back, chest, face, abdomen, legs and arms of
four subjects, 2 men and 2 women, the samples
being collected from all areas of one subject
within 13 hours. The results, shown in Table 6,
show that the saturated acids are higher and the
unsaturated acids lower on the arms and legs
than on the other areas of the body. The high
C14c and C16c peaks found on the back of subject
PS were found in the lipids from all areas.
Variations with sebum level. Dot diagrams were
plotted of the total n-saturated acids, total mono-
unsaturated and single branched acids, total
highly unsaturated and highly branched acids,
against the sebum level (8). These results, shown
in Fig. 2, indicate that the first two groups of
these acids show a definite variation with the
sebuni level while the latter group does not. The
n-saturated acids are higher on areas of low seba-
ceous activity and fall to a steady lower level at
a sebum level of about 60 /ig./sq. cm. The second
group, the mono-unsaturated and singly branched
acids, have lower levels from areas with low seba-
ceous activity and increase to a steady level also
at about 60 ig./sq. cm. This suggests that the
n-saturated acids originate from the epidermis
rather than the sebaceous glands while the re-
verse is true for the unsaturated acids. The highly
branched and highly unsaturated acids appear to
come from both sources.
DISCUSSION
A study of the composition of the fatty acids
from samples of the skin surface lipids from dif-
ferent individuals and from different areas of skin
and at different times from the same subject has
shown a general constancy in composition. Some
differences, however, have been observed.
Definite personal idiosyncracies are apparent.
There appeared to be a slight difference between
men and women but on closer inspection of the
results this seems to be due more to greater in-
dividual differences among the women rather than
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TABLE 4
Composition of the principal groups of fatty acids
from the backs of normal subjects
Sub ject Age
Percentage of Total Fatty Acids
a
a saturated
acs
Mono-un-
saturated
and single-
branched
acids
Highly un-
saturated
and highly
branched
acids
Females
MG
AR
MC
EB
BB
PS
18
27
26
30
32
34
43.5
38.0
39.3
40.3
39.2
37.7
46.4
49.5
47.5
48.2
45.0
48.7
10.6
12.9
12.8
11.5
15.7
13.5
Range
Mean
S.D
37.7—43.5
39.7
1.9
45.0—49.5
47.6
1.5
10.6—15.7
12.8
1.6
Males
JC
DS
RT
BD
11W
AS
HT
CS
SD
27
30
34
29
38
33
48
54
74
44.7
37.5
46.3
43.1
39.7
43.3
47.9
46.2
53.8
45.8
51.4
44.8
44.8
48.9
46.1
43.4
43.8
37.6
9.4
11.2
9.4
11.9
11.2
10.6
9.6
9.9
9.5
Range
Mean
S.D
37.5—53.8
44.7
4.5
37,6—51.4
45.2
3.6
9.4—11.9
10.3
0.9
Children 46.5 40.9 12.6
to a definite sex difference in sebum composition.
Children generally have less unsaturated C16 acid
and more of all three types of C18 acids than do
adults.
The fatty acid composition of the skin surface
lipids from the same area of skin of the same sub-
ject showed little variation over periods up to 5
months. No change in composition appears to
occur during the menstrual cycle in women.
Lower values were observed for the unsaturated
acids in the surface lipids from the extremities as
compared with those from other skin areas of the
same individual. It was observed that the per-
centage of unsaturated acids also fell as the sebuni
level dropped. The lower results for the arms and
legs are therefore probably due to the lower seba-
ceous activity in these regions rather than to
definite differences in the composition of the
sebuni secreted by the different areas of skin.
The skin surface lipids arise from two different
sources, the keratinising cells of the epidermis
and the sebaceous glands. With most adult indi-
viduals the contribution by the epidermal lipids
to the surface lipids from areas of skin on the
trunk is negligible. However, in the surface lipids
from the extremities of adults and from all areas
of skin from children and certain adults with
'dry' skins the contribution by the epidermal
lipids becomes appreciable due to the much lower
sebaceous activity of these skin areas. By relating
the sebuin level with the content of the various
groups of fatty acids in the surface lipids it has
been deduced that the saturated acids originate
mainly from the epidermis, the unsaturated
.
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FIG. 2. Dot diagrams of the percentage of the
various groups of fatty acids plotted against the
sebum level. The total saturated acids are plotted
in (a), the total mono-unsaturated and single-
branched acids in (b), and the total highly un-
saturated and highly branched acids in (c).
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TABLE 5
Variations in the composition of the 'sebum' fatty acids at varying periods
Subject Sex Period (days)
Percentage of Total Fatty Acids
a
n-saturate aci S
b
Mono-unsaturated and
single-branched acids
c
Highly unsaturated and
highly branched acids
AR
MG
BD
PS
MC
F
F
M
F
F
0
14
21
28
0
3
28
0
9
17
0
150
0
120
37.4
37.8 Average
40.0 38.3
38.1
43.5 Average
46.9 44.4
42.9
43.3 Average
46.4 45.8
47.7
37.7 Average
40.1 38.9
39.2 Average
43.2 41.2
49.6
49.5 Average
47.9 49.4
50.8
46.0 Average
45.6 46.4
47.6
44.9 Average
.42.3 43.5
43.3
48.8 Average
47.4 48.1
48.0 Average
46.8 47.4
10.4
12.3 Average
12.0 11.4
11.1
10.6 Average
7.4 9.2
9.7
12.2 Average
11.4 10.8
9.0
13.7 Average
12.5 13.1
13.4 Average
10.2 11.8
TABLE 6
The fatty acid composition of the 'sebum' from different areas of skin
Area Subject Sex
Percentage of Total Fatty Acids
a
n-saturate aci S
b
Mono-unsaturated and
single-branched acids
c
Highly unsaturated and
highly branched acids
Back
Chest
Face
Abdomen
Arms
Legs
PS
MC
JC
DS
PS
MC
JC
DS
PS
MC
JC
DS
PS
MC
JC
DS
PS
MC
JC
DS
PS
MC
JC
DS
F
F
M
M
F
F
M
M
F
F
M
M
F
F
M
M
F
F
M
M
F
F
M
M
40.1
43.2 Average
44.7 41.4
37.5
39.2
42.9 Average
47.6 41.3
35.4
38.1
48.4 Average
— 41.5
37.9
40.2
— Average
40.3 40.7
41.5
41.3
47.7 Average
46.7 43.2
37.1
—
48.9 Average
46.6 49.3
52.5
47.4
46.8 Average
45.8 47.8
51.3
48.6
44.5 Average
45.4 47.4
50.9
49.0
40.4 Average
— 47.0
51.6
46.2
— Average
39.9 45.1
49.2
49.1
40.9 Average
44.0 46.0
50.1
—
38.4 Average
43.5 41.5
42.6
12.5
10.2 Average
9.5 10.8
11.2
12.5
12.6 Average
7.2 11.5
13.8
12.9
11.4 Average
— 11.6
10.6
13.5
— Average
20.0 14.3
9.2
9.5
11.4 Average
9.2 10.8
13.0
—
12.8 Average
10.1 9.3
4.9
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acids from the sebaceous glands and the highly
branched acids from both sources. Recent anal-
yses of the fatty acids of epidermal lipids (9) has
confirmed that these lipids contain less unsatu-
rated acids than do the surface lipids but the pres-
ence of significant amounts of highly branched
acids could not be demonstrated.
Lower results for the unsaturated acids were
obtained when the swab method (4) was used for
collecting the samples of surface lipids as com-
pared with the cup method (3). It is recommended
that for fatty acid studies of the surface lipids the
latter method of collection should be used, and
that, to avoid appreciable dilution with epidermal
lipids, the site chosen for collecting the sample
should be the back, as suggested earlier (10).
SUM VARY
1. Analyses have been made of the fatty acid
composition of the skin surface lipids from the
backs of normal adult male and female human
subjects and children. Analyses have also been
made of the lipids from different areas of skin of
the same individual and from the same skin area
at different times.
2. The results show that the skin surface lipids
from the same subject vary little from time to
time and that there is no change in composition
during the menstrual cycle in women. Between
different individuals, however, definite personal
idiosyncrasies in composition were observed.
Slight differences between men and women were
noted which appeared to be due to wider individ-
ual variations among the females rather than to
a definite sex difference.
3. A correlation has been observed between the
percentage of unsaturated acids in the surface
lipids and the sebaceous activity of the area of
skin from which the sample was obtained. It has
been deduced that the unsaturated acids in the
surface lipids are derived mainly from the seba-
ceous glands and the saturated acids from the
epidermal cells.
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